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| ntroduction

« The Standard Model does a wonderful job
« EXxtensively tested and probed

— W and Z bosons predicted and found at the
correct masses!

— Top quark predicted and found!
« Still wrought with problems/questions
— Finetuning

— Hierarchy problem

« Very large difference between the couplings of SM
and gravity

— Running coupling constants
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| ntroduction

« One possible solution/extension:
« Add to the gauge sector of the SM

« Often these giveriseto new neutral gauge bosons (Z’) which
may have sub-TeV masses

« Grand Unified Theories (GUT)
« SU(5), SO(10), E;

« Another possiblity: Extra Dimensions:
« TeV-1ExtraDimensions(TeV-1ED)
« Matter resideson a p-brane (p>3)
« Chiral fermions are confined to 3D part of the p-brane
« SM gauge bosons can propagate in the extra space
+ Get Kaluza-Klein (KK) states of the SM gauge bosons
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| ntroduction

*More Extra Dimensions:
L arge Extra Dimensions (L ED):

Graviton isonly particle that propagatesin
extra dimensions

Theother SM fields arelocalized to 3-brane

Gravity’s “apparent” weakness isdueto the
extra space gravity can travel in

*Get many KK graviton states

gravitons
escape into
the bulk

bk

KK states have very small mass splitting
(1keV - 0.1 GeV)

- Ryan J. Hooper -- DPF 2004, August >
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| ntroduction

« MoreExtra Dimensions: / /
- Randall-Sundrum (RS ED) &
« Oneextradimension

« Warped metric dampsgravities
effectson the SM brane
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The Tevatron and DY

Fermilab’s Tevatron Accelerator

Tevatron

Run |1: Proton antiproton collisions B
started in 2001 at Vs = 1.96 TeV LY e

& Recycler
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The Tevatron and DY
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Signals at the Tevatron

‘Diagramsfor Z’ and TeV-1 EDs:

£ |

*Note: graviton couplesto boson final states (i.e. photons, ...)

*Final state objectstend to have very high momentums
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Signals at the Tevatron

Physics Final States Explored
Z Dielectron and Dimuon
TeV-1 EDs Dielectron
LEDs Dielectron + Diphoton and Dimuon
(Also direct graviton production: see Patrice Verdier’s talk
Tuesday 8:45 am)
RS EDs Dielectron + Diphoton

In general look for deviationsin the high mass (M > 200 GeV) Drell-Yan

spectrum

For Z’ and RS EDs:;

*Signals will be resonances (“bump hunting™)
For LEDsand TeV-1EDs:

L ook for general deformations of the spectrum

Enhancements or destructive interference effects
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Dielectron and DIEM Selections

DIEM and dielectron data selections:

*DefinediEM = two electromagnetic
objectsin the calorimeter (eor v)

»Select 2 EM objects (shower shapes, EM
fraction, ...)

Tevatron data from 2002-2003

Luminosity ~ 200 pb-!

E, >25GeV qEff Hass Specti | D@ Run Il Preliminary

"Ingl <25
=18,118 eventsin final dIEM data set
=Dielectron selections:
*diEM + matched track
»15,602 in final dielectron data set
Dominant backgrounds:

*Drell-Yan + Z (Estimated from Monte
Carlo)

*QCD (Estimated from data)

Events/10 GeV

28th, 2004

g0

7000 |- =
6000 |- -f
5000 [ =
4000 |- =

3000 |- -f

2000 |- :

0 50 100 150 200 250

diEM Mass, GeV

Ryan J. Hooper -- DPF 2004, August 11




Dielectron: Z' Bosons

*Use mass distribution with an
optimized counting window

diEM Mass Spectrum

Mass| Window |Data | BK

200 190-210 GeV | 32 28.6+ 2.9
300 280-320 GeV | 3 5.9+ 0.59
400 380-420 GeV | 2 1.19+0.12
500 450-550 GeV | 1 0.86 + 0.09
600 540-660 GeV | O 0.31+0.03
700 620-780 GeV | O 0.16 + 0.02
800 700-900 GeV | O 0.09 + 0.01
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«Completely consistent with no signal!
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Dielectron: Z' Bosons

L imit setting: Bayesian approach with systematic uncertainties of 19%
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5102
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Z’ Mass, GeV

SM-likeZ’ Mass limit = 780 GeV!

«CDF (200 pbt, dielectron) : 750 GeV

Qur 780 GeV limit isworld’s best for a direct search!

Ryan J. Hooper -- DPF 2004, August 13
28th, 2004




Dielectron: TeV-! ED

=it the 2D distributions

2 ;
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Dielectron: TeV-! ED

=it the 2D distributions
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DIEM: LED

=it the 2D distributions

diEM Mass Spectrum Dg Run Il Prellmlnary
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sThisistheworld’s best limit to date!
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DIEM: LED

=it the 2D distributions

SM Prediction | DG Run Il Preliminary Data
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«Thisistheworld’s best limit to date! CDF (200 pb*, dielectron): 1.1 TeV
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DIEM: RS ED

*Use mass distribution with an
optimized counting window

diEM Mass Spectrum | oy Run | Preliminary

Mass|Window |Data | BK EERRTARS _

200 | 190-210 GeV | 49 65.1+ 6.5 E @ 300 GeV RSsignal

300 | 280-320GeV |6 12.7+13 °

400 | 380-420GeV |6 2.43+0.24 8

500 | 450-550 GeV |1 1.84+0.18 § e

600 | 540-660 GeV |0 0.64 + 0.06 ol

700 | 620-780GeV | O 0.36 + 0.04 ol

800 700-900 GeV | 0 0.23 + 0.02 10—20: S R B W L

diEM Mass, GeV
Completely consistent with no signal!
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DIEM: RS ED

L imit setting: Bayesian approach with systematic uncertainties of 16%

DQ Run Il Preliminary
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*For k/Mp, = 0.1 masslimit on the RS graviton is 785 GeV!
«CDF (200 pbt, diphoton) : 675 GeV
*Our 785 GeV limit isworld’s best to date!
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Dimuon Selections

Dimuon data selection: Tevatron data from 2002-mid 2004
At least 2 muonswith matched central Luminosity ~ 250 pb-

tracksof p; > 15 GeV
«Data and track quality cuts

—y
(=]
Y

| nvariant mass > 50 Gev D@ Run Il Preliminary

Events / 24 GeV

Cosmic vetoes 1°3§_
| solation requirements 10% = S
Final sample contains 16,796 events 10—

Dominant Backgrounds: 1_ 4 1
Drell-Yan+Z (Modeled by Monte Carlo) _ =
B decays (Eliminated by isolation . H""""'L._,r

o

. -2 L [ ! | ! [ !
selections) 0 200 300 600 800
_ o Dimuon Invariant Mass (GeV)
«Cosmic ray muons (Eliminated by

cosmic vetoes)
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Dimuon: Z’' Bosons

Use mass distribution with an

. -
. . : G 10
optimized counting window 3 F D@ Run Il Preliminary
"2 10° =
G 25 ) Data
] 10 = ——  SM Monte Carlo
Mass|Window |Data |BK -
10
200 | 151-1500GeV | 76 91.4+11.9
300 | 202-1500GeV |29 30.7+4.0 e + ¢
400 | 226-1500 GeV |19 202+ 26 i My
500 |230-1500 GeV | 18 183+ 24 H'""'--...ﬁ_*
600 232-1500 GeV | 18 18.3+ 2.4 o200 400 600 800
700 | 240-1500GeV | 16 158+ 2.1 Dimuon Invariant Mass (GeV)
«Completely consistent with no signal!
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Dimuon: Z’' Bosons

L imit setting: Bayesian approach with systematic uncertainties of 15%

)
o . .
S 10 DJ Run Il Preliminary
=) -
T F S SM Like Z' Theoretical (LO1,3)
N - ====ennn 1+ 16 Errors on Theoretical Cross Section
g L 95% CL Experimental Limits
X
b 1
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10'2 1 1 I 1 | | | I 1 1 | | | | 1 1 | | | | | 1 I | | | : :l 1 1 | | | 1 1 I \}"
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SM-likeZ’> Mass|limit = 680 GeV!
«CDF (200 pb1, dimuon): 735 GeV
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Dimuon: LED

=it the 2D distributions

2
O =0gy T1NHgO0,4T1TNg Oy
*Find ng to be (0.00 + 0.32) TeV+

=No evidence for LEDS!

=Proceed to find limits:;

Sour ce of systematics Uncertainty
K-factor 10%
Choiceof p.d.f 5%
p; dependenceon 5%
Choice of MC p; smearing 4%
M C to Data normalization 1%
Total 13%

"MNoso, = 0.72 TV (Bayes an)\

Standard Model Monte Carlo

400 600 ado
H i Mass (GeV)

SM + ED terms (14=3.0 TeV™)

(G RW)

Tlc =

"Mc>11TeV «

S

=Best l[imit to date in this channel!

Ryan J. Hooper -- DPF 2004, August

28th, 2004

400 600 ado
i 1 Mass (GeV)

D@ Run Il Preliminary

23




Summary

» Presented searchesfor various new physics (Z’, LEDs, RSEDs, TeV-1 EDs)

»After analyzing 200-250 pb of Run |l Tevatron data we find no evidence for
new “heavy” physics

»Interpret the null resultsin terms of various limits

»Several of which arethebest limitsto date —

95% CL Limits Physics Channel
» 780 GeV SM-like Z’ Lower Mass Limit dielectron
1.12TeV L ower limit on M dielectron
»1.43 TeV (GRW) Lower limit on Mg diEM
y  (85GeV k/IMp=0.1 RS Graviton Lower Mass diEM
Limit
680 GeV SM-likeZ> Lower Mass L imit KL
» 1.1 TeV (GRW) Lower limit on Mg L

» Stay tuned, we still have a lot more data to come!
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